INTRODUCTION {#sec1-1}
============

Necrotizing enterocolitis (NEC) is a leading cause of morbidity and mortality in preterm infants born prior to 32 weeks gestation or has a birth weight \<1500 g.\[[@ref1]\] Mild NEC is adequately treated by cessation of enteral feeding, empiric antibiotics and supportive care. Approximately, 50% of affected infants will develop progressive intestinal necrosis requiring urgent operation.\[[@ref2]\] Despite advances in the care of critically ill neonates, the mortality rates of NEC have remained unchanged in the past three decades ranging from 15% to 30% respectively.\[[@ref3]\] In the group of infants characterized by pan intestinal involvement the mortality rate approaches 100%. Surviving patients with NEC are facing significant morbidity, including neurodevelopmental impairment, feeding problems, failure to thrive, dependence on parental nutrition and short bowel syndrome.\[[@ref4]\] Although the pathogenesis of NEC remains elusive, a deregulated inflammatory response by the neonatal intestine to luminal bacteria is a unifying hypothesis.\[[@ref5]\] Intestinal epithelial injury is caused by different initiating events including intestinal ischemia, formula feeding and colonization by opportunistic pathogens leading to activation of the mucosal innate immune system and further damage of the epithelial barrier.\[[@ref6]\] Calprotectin is a 36.5 kD calcium binding protein consisting of three polypeptide chains. In the presence of Ca^2+^, calprotectin is remarkably resistant toward proteolysis\[[@ref7]\] and is abundant in neutrophil granulocytes, monocytes, macrophages and submucosal epithelial cells.\[[@ref8]\] Calprotectin exerts antimicrobial properties *in vitro*, both bactericidal and fungicidal.\[[@ref9]\] The protein also appears to have a regulatory function in the inflammatory process.\[[@ref10]\] Several studies have described the clinical relevance of measuring calprotectin. Elevated concentrations of calprotectin in feces have been measured in patients with inflammatory bowel diseases and bacterial infections in the gastrointestinal (GI) tract. The highest levels of calprotectin in plasma have been found in patients with acute bacterial infections such as sepsis and meningococcal disease.\[[@ref11]\] There are several studies on fecal calprotectin levels in NEC, but none of these studies discussed its relationship to the seriousness of the disease and also to deaths of patients.

Aim of the work {#sec2-1}
---------------

The aim of the following study is to evaluate fecal calprotectin concentrations in NEC.

MATERIALS AND METHODS {#sec1-2}
=====================

This case-control study included 15 neonates with a combination of 9 male and 6 female with a clinical diagnosis of NEC and were admitted at intensive care unit, Zagazig University Hospital during the year 2012. They were non-randomly selected. Twenty age sex matched neonates (10 male and 10 female) fed all caloric requirement served as a control group. Ethical approval was obtained from the local research ethics committee and parents of all neonates gave an informed written consent prior to the study.

All the neonates were subjected to the following:

History taking including prenatal, natal and postnatalClinical examination including signs of prematurity, neonatal reflexes, vital signs, abdominal examinations, staging of NEC,\[[@ref12]\] other systems examinationsLaboratory investigations including (complete blood count, C-reactive protein \[CRP\], CRP levels ≥6 mg/L were considered as increased)\[[@ref13]\]Radiological examination including (X-ray chest and abdomen erect, abdominal ultrasonography)Measurement of stool calprotectin.

Stool collection {#sec2-2}
----------------

Stools were collected in plastic containers and immediately stored frozen at −20°C.

Sample preparation {#sec2-3}
------------------

Fecal samples (50-100 mg) were collected with a disposable, breakable inoculation loop (10 μl, sterile, firm loop, T572-B, Technical Service Consultants, Lancaster, UK) and entered into a 14-ml disposable screw cap tube (Greiner tube, Greiner GmbH, Labortechnik, Frickenhausen, Germany). The feces weight was measured and the loop handle was broken off, leaving the loop and 4-6 cm of the handle inside the tube. Extraction solution containing urea and citrate (Nycomed Pharma AS) was added in a weight: volume ratio of 1:50. After 30 s agitation on a mixer (WhirliMixer™, Fisons Scientific Equipment, UK) followed by homogenization for 20 min at 1400 rpm on a shaker (Ika-Vibrax-VXR, IKA Werke, Janke and Kunkel GmbH, KG, Germany), 1 ml of the homogenate was transferred to an Eppendorf tube and centrifuged for 20 min at 10,000 × *g*. The supernatant (0.5 ml) was collected and analyzed immediately or frozen at −20°C for later analysis. The original sample preparation was performed according to the method described by Røseth *et al*.,\[[@ref14]\] and in the original PhiCal enzyme linked immunosorbent assay (ELISA) kit (Nycomed Pharma AS). Stools were thawed and 5 g feces were suspended in 10 ml of extraction solution (1:3 dilution) and homogenized at room temperature for 1 min at 20,000 rpm using a rod mixer (Ultra Turrax, IKA Werke, Janke and Kunkel GmbH). The homogenate was centrifuged and supernatants were collected for analysis.

Determination of fecal calprotectin {#sec2-4}
-----------------------------------

Supernatants from the fecal sample extraction procedures were assayed in a calprotectin ELISA (PhiCal ELISA kit, Nycomed Pharma AS) with standards and controls included and performed according to the manufacturer\'s instructions. The supernatants were diluted 12-2000 fold in the kit dilution liquid. Diluted supernatants (100 μl) were added to the microtiter plate wells, incubated at room temperature for 45 min on a shaker (600 rpm) and washed four times with washing solution. Affinity purified rabbit anti-calprotectin antibodies conjugated with alkaline phosphatase (100 μl/well) were added and incubated for 45 min at room temperature on a shaker (600 rpm). After washing the wells four times, enzyme substrate was added and optical densities read at 405 nm. Calprotectin concentrations were calculated from the standard curve obtained with the kit standards.

Statistical analysis {#sec2-5}
--------------------

Data were presented as mean ± standard deviation (X ± SD) or percentage (%). The means of two groups were compared using student *t*-test. Linear correlation and regression were used to test the correlation between the measured parameters and the studied groups. Data were tabulated and statistically analyzed with the statistical package for Social Sciences (SPSS), version 10 software. Fissure exact test was used when expected cell is \<5. *P* \< 0.05 were considered to be significant.\[[@ref15]\]

RESULTS {#sec1-3}
=======

The characteristics of the two study groups are shown in [Table 1](#T1){ref-type="table"}. The two groups were similar in gestational age (GA), gender, type of feeding and birth weight. A highly significant difference was observed in hemoglobin level, platelet count and fecal calprotectin between patients and control. Furthermore, significant difference was observed in white blood cells (WBC) and neutrophil counts between patients and control \[[Table 2](#T2){ref-type="table"}\]. [Table 3](#T3){ref-type="table"} shows that 33.3% of our patients improved and 66.7% died respectively. Furthermore, stage I, IIa, IIb, IIIa and IIIb represented 13.3, 26.7, 26.7, 13.3 and 20% of our patients respectively. Regarding the level of calprotectin there was a highly significant increase in its fecal level in died patients than living one. Also significant increase in fecal calprotectin level as the severity of NEC increased.

###### 

Demographic data of the studied groups
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The laboratory investigations of patients and controls
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Sequel and staging of the patient group
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DISCUSSION {#sec1-4}
==========

NEC remains a potentially fatal disease in premature infants despite the recent advances in neonatal care. It is a disease with a multifactorial etiology leading to common final pathway of necrosis and inflammation of the neonatal intestine.\[[@ref16]\] Calprotectin is an abundant calcium binding protein found in neutrophilic granulocytes, comprising up to 60% of the total cytosolic protein content of neutrophils. It is extremely stable in faces even during storage for 7 days at room temperature and easy to measure using a commercially available assay.\[[@ref14]\] Intestinal mucosal defects or increased permeability of the mucosal barrier causes migration of large numbers of granulocytes into the gut lumen. In extensive mucosal disease this leads to calprotectin levels 10-20 times above the upper reference limit of 30 mg/L in adults.\[[@ref17]\] Our patients had a mean GA of 32 weeks, a mean birth weight of 1.5 kg and a mean age at diagnosis of 9 days, 9 were boys and 6 were girls, 12 patients were fed artificially and 3 were fed mixed. Study of Carroll *et al*.,\[[@ref18]\] had a mean GA of 30 weeks, mean age at diagnosis of 12 days, four were boys and three were girls. In the study of Zoppelli *et al*.,\[[@ref19]\] mean GA was 28.5 weeks and birth weight 1,057 g. Zoppelli *et al*.,\[[@ref19]\] declared that diagnosis of NEC is made on the basis of clinical criteria since there are no specific diagnostic tests but our study showed a significant increase in WBC and neutrophils counts and a highly significant decrease in hemoglobin and platelet counts in patient group. Two of our patients (14%) had suspect NEC (bell\'s stage I), 8 (53%) had definite NEC (bell\'s stage IIa or IIb), 5 (33%) had advanced NEC (bell\'s stage IIIa or IIIb). Nearly 53% of our patients died and 67% improved. Carroll *et al*.,\[[@ref18]\] had 43% of their patients (bell\'s stage Ib), 14% (bell\'s stage IIb) and 43% (bell\'s stage IIIa or IIIb) respectively. Zoppelli *et al*.,\[[@ref19]\] declared that 19 (9.2%) of his patients developed NEC stage II+, of whom 5 had fulminant NEC.

We found a highly significant increase in fecal calprotectin level in patients with NEC and the level of fecal calprotectin reach maximum level in patients with bell\'s stage IIIb (307.6 ± 4.1). Also as regards sequel of NEC, our study showed highly significant increase in fecal calprotectin level in died than improved patients \[[Table 4](#T4){ref-type="table"}\]. Carroll *et al*.,\[[@ref18]\] found marked increase in fecal calprotectin in patients with NEC than controls. Aydemir *et al*.,\[[@ref20]\] found that fecal calprotectin increases in infants with NEC and serial measurements may be useful as a noninvasive prognostic marker for progression of disease. Nissen *et al*.,\[[@ref21]\] declared that because NEC primarily affects preterm infants, fecal calprotectin measurements could be a valuable tool for the investigation of preterm infants suspected of having NEC. Reisinger *et al*.,\[[@ref22]\] detected that the combination of noninvasive measurement of intestinal fatty acid-binding protein and fecal calprotectin seems promising for diagnosing NEC at an early time point. As regards sequel of NEC, our study showed highly significant increase in fecal calprotectin level in died than improved patients. A study by Aydemir *et al*.,\[[@ref16]\] found that infants with NEC had increased fecal calprotectin concentrations and there was a correlation between calprotectin concentrations and severity of NEC and concluded that fecal calprotectin is a useful marker for diagnosis and severity of NEC in preterm infants. In the other study, Zoppelli *et al*.,\[[@ref19]\] declared that fecal calprotectin levels showed significant GA and postnatal age dependent dynamics with particularly low levels in extremely premature infants. Fecal calprotectin levels depend on GA and postnatal age and in contrast to adults, there is a lower limit in premature infants. Fecal calprotectin can be a useful marker in identifying premature infants with GI distress and NEC in particular. In contrast Selimoğlu *et al*.,\[[@ref23]\] found that mean fecal lactoferrin and fecal calprotectin were not different between preterm and full-term newborns (*P* = 0.235 and *P* = 0.845, respectively), or those who were diagnosed with NEC or not (*P* = 0.545 and *P* = 0.968, respectively). This may be due to the large number of the control group reaching 63. In conclusion, fecal calprotectin measurements could be a valuable tool for the investigation of preterm and full term infants suspected of having NEC. Hence, we recommend further studies to detect the role of fecal calprotectin or others fecal markers in the diagnosis of NEC.
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